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Abstract

The Cygnus experiment ● t Los Alamos National Laboratory has been
designed to study, vith high angular ●ccuracy, point sources of gamma rays
of energy ●bove 104 ●V. The ●xperimental detector consists of an ●ir
shover array to observe gamma-ray shovers and ● shielded, large-area track
detector to study the muon content of the shovers. In this paper ve
presmt prelimina~ data from the ●rray ●nd describe its performance.

Introduction

Me study of ultra-high-energy cosmic ray gamma rays provides an
exciting nev window to ●xplore the origin of high-energy cosmic rays
(A. H. fiillas 1984). The interest in this field has grovn steadily since
the first report of obse~ations of point sources (Stepanian ●t. ●l.,
1972, Ramanmurthy and Veek~s 1982, A. A. Vatson 1985). The reports of the
Klel group (Samorsky and Stamm 1983) shoved strong ●violence for a signal
from Cygnus X-3, that shoved phaso correlation vith the orbital period ●s
seen in X-rays. This result ●lso suggested that the observed shovers had ●

muon content ●uch hither then vould be ●xpected from gamma-ray-induced
shovers. Since then, other experiments using both ●ir shovers techniques
and und~rground muon detectors have reported results of varying statistical
significance. If shovers from Cygnus X-3 ● re muon rich relative to expec-
tation they may indicate the ~xistence of nev particle physics phenomena
●ither ●t the source or in the interactions of high-energy gamma rays vith
●tmosph~ric nuclei (Barnhlll ●t. ●l., 198S). None of these ●xperiments
(Klel ●xrepted) has shovu ● significant signal vithout the use of phase
●nalysis,

The Cygnus ●xp~riment ●t Los Alamos National Laboratory uas d~signed
to sonrch for the presance of point sources of ultra-high-energy gamma rays
and to study the ●uon content of their air shovers. This detector was
designed to have ●n angular ●ccuracy of better than 1“, in order to improve
the signal-to-background ratio of this ●xperiment. Los Alamos was chosen

WRIBUTIONOFTHIS DOCUMWTISUNUMIW
/j@ ,



-2-

●s the location of this experiment for several reasons. First, there
exists ●t LMPF ● workingt fhe-grained track detector (MU), Vhich can be
used to detect ●uons in ● clear and unambiguous manner. Second, the detec-
tor is lccated ●t ●n ●ltitude of 7000~, which ●llows this ●xperiment to ob-
serve shovers produced from lover ●nergy gamma rays than previous ●ir
shover ●xperiments done ●t lover altitudes. Third, the facilities of Los
Alamos National Laboratory vere ●vailable to facilitate the construction
and operation of this experiment.

EAS Detector Design

‘The EAS detector cons2sts of 64 counters placed tn ●n ●rray of radius
60 ❑eters vlth a typical separation of 14 meters. Each counter containw ●

scintillator, ●pproximately l-d by 8-cm thick, vith ● 2-!Lnch
photomultiplier tube positioned 70 cm ●bove the scintillator. Single mlni-
mum-ioniztng particles selected by small scintillator paddles result in a
timing resolution of standard deviation 1.6 ns ●nd produce ●bout 20
photoelectrons in the photomultiplier tube.

EAS Trigger

Every counter is used in ●aking the trigger decision ●s veil ●s in
giving pulse-height and timing information. The basic trigger requires
that ● given number of counters must fire their individual discriminators
vitkin ● 300 ns interval, the time for an EAS vith ● zenith angle of 45° to
the ●rray. The discriminators responsible for the trigger ●re ●lso used to
determine the timing, so the threshold is set vwry 10V, ●bout 1/10 of ●

minimum itlnizing psrticle, in order to fire the discriminator on the
●arliest photoelectron.

A so-tvare cut 1s implemented to ●liminate non-analyzable shovers
before thay ● re recorded on magnetic tape, vhich reduces our data-taking
rate by ●bout ● factor of five. Figure 1 shovs the online display of ●

typical ●vent that pass~s the softvare criteria.

Muon Oetector

Huon information 1s ●lso recorded for ●very trigger. Thg muon detec.
tor vss denigned for studying the ●lastic scattering of wccelera-
tor-produced neutrinos vith ●lectrons (E225) ●nd is currently b.ing us~d
for that purpose (Allen, 1985). A ■ultiplexing circuit ●llovs both the
neutrino and the ●ir shover ●xperiment to use the detector simultaneously.
The datector \\s shield~d ●bove by 1700 g/cmt of steel and concrot~. Tvo
componmts oi the detector - the ●ultivire proportional chambers (IIVPCS)
●nd the flash thamber calorimeter - ●re used to detsrmin~ the muon content
●nd direction in shovers. The ?lVPCs surround the detector vith four layers
on ●ll six vans ●xcept the floor, vhich has only one layer, Each HVPC is
typically 520-cm long by 20-cm vide by 5-cm thick and the horizontal ● rea
is 36 ●a. The uuon number can be determined ●xactly for small numbers and
systematically for highar densities.



.

-3-

The 208,000 flash chambers cover a volume of 350 by 305 by 348 C# ayld

have sufficient resolution to determine the muon direction ●nd number, ●S

cm be seen from the ●xample of Fig. 2. Simulations of ● fitting ●lgorithm
shov that 95% of the tracks can be reconstructed to within 0.5°. ihlvever,
the flash chambers cannot be triggered for ●ll EMs, which come ● t ● rate
of 1.2 Hz.

Smart Trigger

The rate ● t vhich It is reasonable to fire the flash chambers in the
E225 calorimeter is 0.02 Hz. It vas necessary therefore to reduce the rate
of triggers to the E225 detector by a factor greater than 50, A c,omput-
er-controlled hardvare trigger vas devised to ●llov only ●vents thut come
from a specified direction to trigger E225. This smart trigger vas needed
because the flash chambers must be fired vithin ● ●icrosecond of particles
traversing it. This does not ●llov for timing information to be df,gitized
or processed. The direction of a suspected source ●eves 1° in four
minutes; hence the trigger must be continually updated. This iS

●ccomplished by the use of ECLine Camac programmable logic delays. The
gates for this trigger are set to ● vidth of 8 ns ●nd the relatiwp delays
of ●ach counter ere set to zero for shovers coming from the source direc-
tion. A multiplicity coincidence level is set ●nd only shovers coming near
the desired direction are ●ccepted. In Fig. 3, ve shov a plot of the sky
(right ~:~;~on and declination). The crosses ● re shovers that pass the
smart criteria over a 24-hour period in vhich three sources vere
being vatched, Cygnus X-3, the Crab, and Eerc X-1. This trigger selects
●vents in ● cons of half angle 9° and gives ● trigger ●very Z minutes vhen
● source is overhead.

Ilonte Carlo Calculations

Monte Carlo calculations vere performed to study the design and trig-
gering conditions of the ●rray. These calculations included proton- and
gamma-ray-induced shovers. The primary ●nergies vere selected from ● spec-
trum ●nd the cores of these shovers vere throvn over the ●rea of the detac-
tor and the surrounding ●reas. The hadron component of these shovers vas
simulated fully. Electromagnetic shovers vere folloved dovn to 500 CeV
vhere Approximation B vas used for longitudinal development. The radial
distribution of ●ach sub-shover vas computed. Huon densities vere computed
for ●nnular rings for ●ach shover. Differing trigger conditions where
imposed and rates for ●ach vere computed.

The results of ths simulations shov that vith ● trigg~r requirement of
10 counters, ●ach having ●ore than 2 ●quivalent ●inimum ionizing particles,
the ●ffective threshold for proton shovers is 1014eV, vhile
gamma-ray-induced shovers have ● threshold of 2 x 1014eV. The muon simula-
tion shov~d that the E225 detector contained ●t least one muon for 80% of
proton-induced triggers. This number is consi~tent vith the observed num-
ber of 75% of shovers having one or ●ore ●ums in data.

The Monte Carlo calculation VQS ●lso used to study recons?tuct~on
●lgorithms. These simulations uhoved that vith ● timing resolution of 2 ns

,
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(for large signals) it was possible to obtain a resolution of better than
0.65°~ for shovers that passed our threshold.

Reconstruction and Resolution of Bvents

The ●vent direction is computed by fitting the shover ●rrival time
distribution. The shower front has a curvature, observed to be
(-10ns/60a): this is included in the fits. Counters are veighted in this
fit so that counters with larger signals ●rc given more significance. ~
estimate of the resolution of these counters can be obtained by studying
the distribution of the quantity Xz&/v, vhere v is the number of degrees
of freedom? Xa@lv should have the avernge value af d. For our shovers
this yields ● value of u = 2ns for greater than three particles signal.

A test of the random reconstruction ● rror in the ●rray can be obtained
from data by the folloving procedurQ: counters ●re divided into tvo groups

odd and ●ven numbered counters. Each group of counters is used
independently to reconstruct the arrival direction. The space ●ngle be-
tveen these directions is found to have a median value of < 1°. This
predicts ● resolution for the combined array of < 0.75”~. Work is still
being done to improve this resolution.

Three independent tests of pointing accuracy ●re being undertaken.
First, the ●rrival direction of ❑uons ci’tected in the E225 flash chambers
is being compared LO the ●ir shover data. Preliminary results indicate
reasonable ●greement betveen the tvo directions, consistent vith the
expected multiple scattering angle of the muons in the shielding!

Second, ● small Che:enkov array has been deployad at the expwrirnent
site. This stray vjlA be used to determine shover ~<irection snd ●nekgy in
● vay that is systematically different from the air-shover method. Tests
have been made with these counters and some dat? have been taket..

Third, ve plan to use our existing data to study the shadov of the
moon using ordinary hadron data. If our accuracy is greater than (l”~),
then ve JhouJd see ● sub~tantial reduction of data in bins vhich contain
the moon position. This technique may ●lso vork vith the sun.

Status

The ●xperiment has been in operation since early March 1986 vith more
than 40 scintillation counters and vith the flVPC information. Nore than
l@ ●vents have be~wi recorded. As of July 15, 54 counters are deployed,
●nd by the ●nd of the year nearly 100 detectors vill compose ●n ●xpanded
●rray of radius 90 m. The flash ch~mber multiplexing scheme is opera-
tional, and dsta ●re being recorded on a rugvhr basis.

An ●dditional detector (E645) that cau ~ive Information on ●uon number
●nd direction, is coming on line this smnmr to study the oscillations ef
●ccelerator-produced neutrinss (Smith, ?,985). This detector, consisting of
liquid scintillator and drift tubes, i]ta ● horizontal area of 56 m2 ●nd ●n
overburden of 3000 g/cmJ. Liquid scictillator information has been suc-
cessfully recorded for EM triggers.



References

A. M. Hillas, ~iature, 312, 50, 19&t.
A. A. Stepanyan et a]., Nature PrIys. Sci. 239, 40.1972.
B. M. Vla~irmirski,A. M. Gal”per. B. I. Luchkcw and A. A. Stepa-
nyan, Usp. Fiz. ISauk,145, 253, i9N5. Soviet Phys. Usp.2&153. (I! Y:)’,
P. V. Ramanamurthy and T. C. Wcckes. editors. Proc. of the Int. \\orli-

shop on J’ery High Energy Garr~[Ila Ra} 4stronon~y. Ootacamand. India. 19S2.
A. A. Watson. Rapporteur papwr presented at the J9th Internal ions! ( ‘c>rtlic

Ray Conference. La Jolla 19F5.(I(J he puhli=+ed). This paper gives a {olrlpl( !tI

review of UHE gamma ra} experirll~’nts.
M. Samorski and W. Stamlk~. .4JJ. J. 1.ett..268. 117, 1983.
M. V. Barnhill, T. K. Gaisser. T. stanev and F. Halzen. Nature. 3]7.
409, 1.985.
R. C. Allen et al, Phys. Rev. I,ett. 55.2401, 1985.
E. S. Smith et al. ‘Search for Seutrino Oscillations at LA\lPF” prt-tl:l~!

at Moriond Conference on klassiv+’ Xeutrinos and Astrophysics. Jan, 1~~~”}

Ewnt 8 = 2073 Z counters = 618
ma%Signal= 83.f! ~X tine (II S)= 142,0
Tit e= ,~37=T:W& w~cutr= .4
We - - 17:s3:43

,\
l\

/@-&p
1 *

Density rim
Fig 1. Density profile and arrival time of an EAS event.
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Fig 2. Side view of flash chambers, Fig 3. RA and Dec for smart trigger.


